Abstract The Matthiass posture test is a clinical test to detect posture changes in children and adolescents. Aim of this study was to objectify this test using a dynamic rasterstereographic measuring device. We examined 31 healthy athletes during a modified Matthiass test with a dynamic rasterstereographic measuring system. Hereby the trunk inclination, kyphosis and lordosis angle were measured. The trunk inclination decreased by about 50% of the basic value just by raising the arms. Additional weight loads of only 5% body weight (bw) resulted in significant changes of the posture (lordosis and kyphosis angle) during this test. With this rasterstereographic measuring device it seems to be possible to determine spinal posture changes under dynamic conditions. The results suggest that additional weights of 5% bw during the Matthias-test are enough to create significant deviations in posture parameters, even in healthy subjects.
Introduction
The analysis of the human back shape, especially in children and adolescents, is very demanding because of the complex interaction between anatomical, muscular and psychological factors. To prevent spine deformities and posture asymmetries an early and objective diagnosis of posture changes is essential [21] . Until today the gold standard in the detection of pathological changes of the spine shape, e.g. like in scoliosis, are the clinical examination along with radiological techniques such as X-ray, computer tomography and MRI [5, 8, 9, 15] . A considerable disadvantage of these procedures is the radiation which leads, particularly in young patients, to a very critical deployment for follow-up examinations [1, 14, 19] . Simple but inaccurate and poor repeatable methods were developed for follow-up examinations of the spine like the kyphometer or the curve ruler. Further, more advanced methods for the detection of the spinal shape like, e.g. the video system VICON Ò or the ultrasound-based ZebrisSystem Ò , are based upon the placement of marker on the skin over bony landmarks of the patient [20, 24] . But all these systems tend to lead to measuring errors due to a possible shift of the skin over the underlying bony structures. A precise, radiation-free and inexpensive method for detecting the spinal posture, especially for follow-up examinations, is the so-called rasterstereography [2-4, 6, 8, 22, 23] . The surface analysis occurs from the projection of light-line-patterns on the back of the patient. Anatomical landmarks can be detected automatically by assigning concave and convex areas to curved light patterns. By means of certain anatomical fixed points the system is able to calculate a three-dimensional model of the human spine. From this model, clinical relevant parameters such as e.g. the trunk inclination, the kyphosis or lordosis angle of the spine can be determined [2-4, 6, 10, 11, 22, 23] . In addition to the static analysis of the spinal shape for evaluating asymmetries and imbalances, the evaluation of spinal posture changes over a defined time period seems to be important [5] . A clinical test which makes posture changes visible and which has proved itself as a valid tool in posture diagnosis is the Matthiass posture test [7, 16, 18] . Up to now the subjective evaluation of the posture by the examiner seems to be problematic [13] . Therefore, the aim of this present study was to combine a modified Matthiass test with a dynamic rasterstereographic examination to possibly objectify this posture test.
Methods
Thirty-one youth athletes (6 female, 25 male) with an average age of 14.3 years (SD 1.6 years) participated in this examination. The mean weight of the test subjects was 56.68 kg (SD 12.6 kg) and the mean body height was 166.48 cm (SD 12.9 cm). The parents of all adolescents gave informed consent and the local ethics board of the Eberhard Karls University of Tubingen (Germany) approved the study protocol. Before participating in the study every participant was examined orthopedically and was found with normal posture. In our study we modified the posture test according to Matthiass-Groeneveld [7] . To provide a standardized arm position during the test we attached different weights on a lever arm. The lever arm was then adapted to the individual arm length and placed in the centre of rotation of each probands shoulder joint ( Fig. 1 ). During the modified Matthiass test the participants lifted weights that were related to the body weight (bw) of ?0, ?5, ?7.5 and ?10% bw, into different test positions. The measurement started from a still position (start) by raising the arms about 90°into anteversion. Then the athletes were instructed to keep their arms with the specific extra weight for 30 s in this position (arm_90°). 30 s later an acoustic signal from a timekeeper signalled the end of the holding period (arm_90°? 30). Thereafter the probands were instructed to lower their arms controlled and slowly. When the starting point was reached again the examination was stopped (end). For further analysis, all recorded images were saved on a personal computer. All examinations were performed with the rasterstereographic measuring system formetric 4D
Ò , an advancement of the static rasterstereographic system formetric 3D Ò (Diers International GmbH, Schlangenbad, Germany). The device used in this study was a prototype for dynamic rasterstereographic measurements. It was equipped with a digital video camera, which was able to measure with a maximum recording frequency of 15 Hz. For the analysis of the recordings we used a computer software (Draco, Diers International GmbH, Schlangenbad, Germany) that was able to calculate certain parameters from each frame of the dynamic measurement. Based on the automatic detection of the dorsal process of the seventh vertebral body (VP) and of the right and left lumbar dimple (DR and DL), the software was able to calculate the trunk length, the trunk inclination as well as the kyphosis and lordosis angle automatically. The trunk length accorded the distance between the VP and the middle of the two lumbar dimples (DM) and the trunk inclination was set as the angle in°b etween the vertical and the connection line between VP and DM. 0°trunk inclination means that the VP is positioned exactly vertical over the DM. The kyphosis angle is calculated by the tangent produced from the coordinates of the VP and the reversal point from kyphosis to lordosis (ITL). The lordosis angle is determined by the tangent produced from ITL and DM [5] . In pre-examinations, we determined the accuracy of the measuring system under dynamic conditions with values of 3.29 mm (mean value) for the trunk length and 1.04 mm (mean value) for the dimple distance.
Using an ANOVA test we calculated the mean values and standard deviations using the statistical programme SPSS Ò (Version 14 SPSS, Chicago, IL, USA). The significance level was set at P \ 0.05. Statistical differences were calculated by the dependant t test.
Results
The trunk inclination for 0% bw in the starting position of the modified Matthiass test was -4.7°(SD 3.4°) and for (Fig. 2) . These values were reduced by 50% elevating both arms into an anteversion of 90°. During the subsequent 30 s arm holding phase, a straightening of the spine resulted for all different weight loads, shown by the positive values in Fig. 2 (Arm_90 ? 30 s). It could also be shown that the trunk inclination at the end of the 90 s arm holding phase increases. The increase of the trunk inclination correlated with the lifted weights. For 0% bw we detected an inclination of 1.3°(SD 2.1°), respectively, 4.7°(SD 3.6) for 10% bw. These differences are significant between 0 and 7.5% bw but not between 0 and 5% bw. At the end of the modified Matthiass test the trunk tilts forward, exceeding the values of the starting position (Fig. 2) .
The detected kyphosis angle at the beginning of the Matthiass test ranged from 30°(0 and 5% bw) to 31°(7.5 and 10% bw). A significant difference could not be found. Elevating the arms led to a significant reduction of the kyphosis angle. The greatest changes occurred when higher weights were lifted (2°at 0 and 5% bw, 4°at 7.5 and 10% bw). During the arm holding phase, the kyphosis angle decreased significantly for all four weight loads.
The lordosis angle at the beginning of the modified Matthiass test was measured between 32°and 33°. Elevating the arms led to an increase of the lordosis angle only at 5% bw, while the other weight loads did not change the measured lordosis angle (Fig. 3) . During the 30-s arm holding phase the lordosis angle increased significantly in all measurements. At the end of the modified Matthiass test the lordosis angle decreased for all weights, except for 0% bw.
In summary the results showed that an additional weight of 5% bw changes the posture (kyphosis, lordosis and trunk inclination) significantly, even in healthy people. Additionally, the results confirmed that the modified Matthiass test can be objectified by dynamic rasterstereography.
Discussion
An objective evaluation of posture deficiencies is sometimes only conditionally possible. The Matthiass-posturetest is indeed an easy way to measure the posture, but it is strongly influenced by the examiner. A quantification of clinically relevant posture parameters is desirable, but it is very difficult to apply in daily use because practicable test procedures are often time consuming and expensive. Rasterstereography offers an alternative way of detecting spinal posture parameters because it is side effect free, non- [2, 3, 6, 8, 22, 23] . A disadvantage is that thus far it was not possible to record sequentially, so that the measurements had to take place during the phases of standing still. During longer periods of analysis or during phases of highly ambitious motoric coordination it is necessary to count on a natural fluctuation of the bodies' centre of gravity, which cannot be detected by a single frame analysis [5] . Using a prototype which was developed during this study, it was for the first time possible to measure the human posture rasterstereographically and dynamically over a period of 30 s with a recording frequency of 15 Hz. The results of this study prove that the system is able to measure with high accuracy, even under dynamic conditions.
During the Matthiass test a straightening of the dorsum results by elevating the arms to a position of 90°antever-sion. This can be seen by a reduced trunk inclination as well as by a reduction of the kyphosis angle. These results are in contrast to the results found by Junghans and Groeneveld [7, 12] . They noticed an increase of the kyphosis angle of posture-healthy children under these conditions. A possible explanation might be that the arm lever used in this study could have forced the adolescents into a trunk stabilizing position. A compensating motion with layback and increase of the lordosis can be avoided, which could have led to only slight changes in the lordosis angle. From a biomechanical perspective lifting the arms leads to a relocation of the centre of gravity to ventral [17] . This relocation can be compensated by a posture-healthy proband by creating an antidromic moment of torque in the ankle joint, which keeps the bodies centre of gravity over the feet. It can be achieved by a strong stretching of the intrinsic back muscles, which also counteracts an increase of the lordosis. Our results with weight loads show that additional weights of 5% bw are enough to create significant differences during an arm holding phase. It can be concluded that posture deficiencies can already be detected in the period right after elevating the arms by using additional weights. The arm holding phase of 30 s leads to further changes in the parameters for all different weight loads, caused by an expected fatigue effect. Considering the fact that right after the elevation of the arms changes of the posture occur, it should be discussed if it would be possible to detect posture weaknesses by letting patients raise an additional weight and then detect the percentage of change compared to the posture test without weights. The results of this study are based on measurements with healthy, active adolescents. It must be concluded that posture weak patients would show more considerable changes of the posture, but this will have to be evaluated in further studies.
Conclusions
The rasterstereographic system used in this study allows an objectification of the modified Matthiass test under dynamic conditions. Additional weight loads of only 5% bw result in significant changes of the posture during this test, even in healthy people. The use of the modified Matthiass test in combination with the dynamic rasterstereographic system could lead to a fast, objective and safe detection of posture weaknesses. 
